v" A dissecting microscope study of the microsurgical anatomy of the lumbosacral spinal roots, carried out on the spinal cords of 30 adult subjects, is reported. The longitudinal extent of the medullary segment of origin of each root, and the morphological features of the root-spinal cord junction are described. Observations regarding intrathecal anastomoses between anterior and posterior roots, and shape, position, and real incidence of anastomotic rami are reported. The authors emphasize the importance of anastomotic rami when performing a rhizotomy.
T H~ theoretical pattern of innervation of the peripheral nervous system often does not correspond with data obtained from clinical observation of neurosurgical patients. In effect, selective section of an anterior or posterior spinal root frequently results in different neurological deficits. Although variations from the "normal" dermatome pattern may be explained by variation in makeup of the plexuses and by peripheral nerve overlap, other anatomical factors of variability must be sought.
Some authors have noted the importance of intersegmental anastomoses existing between the posterior spinal roots, and have emphasized their role in the results of posterior rhizotomy for the relief of pain. 1,2 These anatomical variations have been mentioned only infrequently, or have been described insufficiently in the literature. Only some specific studies 1,z give an accurate description of the anastomoses between posterior roots. Our observations concern the lumbosacral spinal roots, including the anastomoses between the anterior roots, and their real incidence.
Materials and Methods
Dissection of 30 human spinal cords and the corresponding spinal roots was performed at autopsy. The lower part of the spinal cord comprising the anterior and posterior lumbosacral roots was removed by a low-thoracic section and by cutting the spinal roots near the foramina intervertebralis. In order to facilitate the subsequent identification of the roots in the cauda the L-5 root was ligated.
There were no anomalies of the bone in the lumbosacral vertebral segments. After fixation, the anatomic preparation was stripped of the dural and arachnoidal sheaths and placed under the dissecting microscope for observation (Fig. 1) . We studied the following structural and topographic aspects of the L1-S5 roots: 1) the longitudinal extent of the medullary segment of origin of each root; 2) the morphological features of the root-spinal cord junction; and 3) the intrathecal anastomoses between the anterior roots and between the posterior roots.
Observations

Longitudinal Extent of Medullary Segment of Origin
The inferior lumbar and sacral roots, both anterior and posterior, are so crowded that it is usually very difficult to determine with the naked eye the segment of origin of a single root. With the dissecting microscope we found the average lengths of the spinal segments of origin of the L1-S1 posterior roots (Tables 1 and 2) . These values are in accord with data published by Yamada, et al., 4 who limited their observations to the L1-S1 posterior roots. Our values show considerable variation from one case to another. One reason for this variation is the different heights of the examined subjects; however, it may also be related to the difficulty, particularly in the sacral area, in separating each root from the adjacent ones, and in attributing the roots placed in the middle of two spinal cord segments to one level or another. For example, note that in Fig. 2 an important component of the S-2 right posterior root arises from a medullary segment which, on observing the root-spinal cord junction, seems to belong to S-3. In parently arises from the medulla exactly in the middle of two adjacent spinal cord segments, and after running for a few millimeters divides in a Y, sending one of its components to the root below and one to the root above. The occurrence of anatomical variations like these suggests that the spinal cord is made by a series of neuromeres overlapping to some extent, and spinal segmentation is only a convenient concept.
Morphological Features o f Root-Spinal Cord Junction
The morphological features of the root-spinal cord junction, the number, the diameter, and the penetration pattern of the rootlets in the medulla, are different for each medullary segment.
Superior Lumbar Roots. In the anterior roots at L1-3, the penetration pattern is more frequently filiform, and the number of rootlets making a root varies from two to nine. Their diameter is always less than 0.5 mm. With the posterior roots at L1-3, the filiform type is predominant. The number of rootlets is between four and 12; their caliber is always less than 0.5 mm.
Lumbosacral Roots. In the anterior roots at L4-$3, the most frequent pattern of rootlets is cylindrical, but particularly at S1-2 it is possible to make out some ribbon-like types and at L-4 some filiform types. The diameter of the rootlets is most commonly between 0.5 and 1 mm, and their number varies from two to six. It is possible to have up to 11 rootlets if their caliber is less than or about 0.5 mm. In the posterior roots at this level, the most frequent type of rootlet is cylindrical; however, particularly in the S1-2 roots, 
2. An important component of the S-2 right posterior root (arrow) arises from a medullary segment which, in view of the root-spinal cord junction (arrowheads), seems to belong to S-3.
FIG. 3. A forked intersegmental anastomotic connection (arrows).
ribbon-like rootlets are also frequently seen. Often the rootlets have a caliber greater than 1 mm, with three to four to each root, or if they are between 0.5 and 1 mm in size, there may be four to six rootlets to each root.
Inferior Sacral Roots. The anterior roots at $4-5 have a filiform pattern. The number of rootlets, which are of very small diameter, varies from two to four. The pattern of the posterior roots is cylindrical and filiform. The radicles, of very small diameter (always less than 0.5 mm), are between two and six in number.
Intrathecal A n a s t o m o s e s between R o o t s
Anastomotic connections were found in all cases examined, and usually consisted of small-caliber rootlets connecting the spinal roots of adjacent segments. In the 30 examined spinal cords the total n u m b e r of anastomoses was 221, out of a possible m a x i m u m of 1080 anastomoses at lumbar and sacral roots of both sides, an incidence of 20.5%. This frequency rises to 30% if anastomoses between posterior roots only are considered, but is 11% for the anastomoses between the anterior roots. Table 3 shows the distribution frequency of anastomoses for each segment of the spinal cord. Pallie's finding 1 that anastomoses are more numerous in the lumbar than in the sacral region is not confirmed by these data, which show a greater incidence of anastomoses between the sacral roots.
TABLE 2
Distribution of anterior cord segments by length in each of 30 cases (both sides)
In most cases, anastomotic rootlets are less than 0.5 mm in diameter, but it is possible to find anastomoses of greater caliber. Most frequently, anastomoses appear to originate from the ganglion of a posterior root and enter the cord with the fibers of the adjacent rostral root or, less frequently, the caudal root. In 65% of cases, the anastomotic connections are found within 1 to 2 cm from the spinal cord. They are localized among the roots of the cauda equina in 24% of cases, and more peripherally or close to the ganglion in 11% of cases (Fig. 4) . More frequently, the anastomoses are simple rami running to join adjacent roots. Less commonly, plexiform or other types of interconnecting patterns are found (Fig. 5 left) . Anastomoses may appear in parallel pairs (Fig. 5 right) , or intersect in an X pattern (Fig. 6) . They can originate from the division of a single rootlet or of a group of very thin rootlets.
Discussion
The clinical experiences reported by Schwartz 2 show the surgical importance of the anastomoses when performing a posterior rhizotomy. According to White and Sweet, ~ pain appears to follow the "all or none" law; unless all of its afferent paths are cut, it is still felt with undiminished intensity. Therefore attention must be paid to the role that intersegmental anastomoses may play in delineating the peripheral dermatome area subserved. In view of the extreme variability of anastomotic rami, and their shape and position, a rhizotomy performed at the root-spinal cord junction or extradurally may fail to denervate an area. It is advisable to isolate the root that must be cut along its entire subarachnoidal course, "which means a more extensive exposure than generally practised, ''x to interrupt any anastomoses that may exist.
